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Kong? [11]?????????????????????, ??? 3D???
????????????????. ????????????????????
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??, ???? \??", \??", \??"????????????. ??? \??",
\??", \??"??????, ???????????????? 4.4???.
? 4.4: \??", \??", \??"???? (??:??, ??:?, ??:?)
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? 4.6: ?????? (???)(?)?????????? (?)
? 4.7: ?????? (???)(?)?????????? (?)









???????. ????, ???????????????????, ????
????????????????????????????????????.
????????????????????????????????????
??. ???????????Bp, ???Ba, ??????????? Fp, ??
? Fa,?????????????? 4.1??????????.












???????? 4.2??????. a; b; c?????????????????
????????????????????.
C = a  F 2a + b  Fa + c (4.2)
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4.4 ??????
4.4.1 Deep Convolutional Neural Network




?, ???????????????????. ???, ???????????
??????????????????????????, ??????????
?????????????.
?????? \Network in Network"(NIN)[19]?????????, ?????
????, ??????????????????????????. AlexNet?
6000???????????????, NIN? 750?????????????
?????????. ???, ?????? 4bit????????, 3.8MB???
?????????????. ?????? Fisher Vector? SVM??????
????? [20]????????? 9MB??????????????????
???????????????????????. ?????????????
?, NEON??????, ????????????????, SAMSUNG Galaxy




1000??? ImageNet??? 2000 ??? 210 ??????, ??????UEC-
FOOD100[22]??? 100????, ??Twitter???????????????
??????? 1????? 101????????????????.
? 4.8: Network in Network???? ([19]????)
? 4 ? ??????? 19
4.4.2 ????
????????????????????. ?????4.9???. ?????
???? 100????????? 5fold cross validation???????? 4.10??
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? 5.1: ????????????
?????????????????????????????????. ???
? 5.2????????, ? 5.3??? 5.4?????????????. ????
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? 5.3: ??????????? 1
? 5.4: ??????????? 2
? 5.5: ???????????? 1
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? 5.6: ???????????? 2






???????????. ?????????????? 20???????. ?
???????????? 6.1???.
??????? 1?? 3????? 1??????????????????
60??????.?????????????????????, ??, ????
????A?????. ?????????????????????????
??????????, ?????????? PC????, ?????????
??????????. ?????????????? 6.1???.
? 6.1: ??????????
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? 6.1: ?????????
??? ?????? ??? ????? ???
?? ???? ?? ??? ????
??? ???? ???? ?? ????






???, ????????????????. ??????? 1????? 3??
????, ?? 60?????????. ??????????????, ????
??????????????, ??????????????????????




?????????????? 6.2, ????????? 6.3???. ????
????????????????????????????????????
? 6 ? ?? 26
?, ???????????? (RMSE)????????. ??????????
????????????????????????????????????
???????. ??????????, ??????????????????
??????????. ? 6.3???????????????. ???????
???????? kcal???. ?????, ???????????? B???
??.
? 6.2: ?????????





??? S M L S M L
??? 221 340 459 147.56 126.44 438.06 102.65 130.95 81.3 0.335 0.792
??? 32.94 51.76 80 31.09 37.91 61.18 11.51 13.53 7.12 0.186 0.619
??? 6 10 14 12.38 9.04 13.59 2.58 3.73 3.34 0.396 1.294
????? 278 441.49 605 322.18 334.7 362.84 131.04 154.92 116.96 0.267 0.893
??? 30 54 81 34.39 47.08 79.63 4.23 4.8 4.62 0.097 1.092
?? 737 962 1322 665.53 1032.83 1417.54 79.28 80.11 73.6 0.081 0.928
???? 120 170 276 166.32 122.19 116.19 84.65 99.95 84.26 0.415 0.995
?? 195 292 476 148.27 201.24 222.89 130.2 157.57 88.75 0.361 0.682
??? 214 428 642 150.51 377.16 552.67 67.89 69.75 16.02 0.185 0.236
???? 184 368 552 212.77 357.45 513.96 25.79 28.2 27.42 0.085 1.063
???? 97.6 292.8 488 101.16 234.88 386.54 54.31 67.48 43.08 0.147 0.793
???? 36 72 108 57.34 69.57 85.04 15.57 18.15 18.1 0.28 1.163
???? 178.42 267.63 368 263.07 291.82 319.56 52.43 58.01 54.41 0.232 1.038
?? 82 246 494 65.85 202.81 457.94 31.8 33.8 11.44 0.148 0.36
???? 160.5 240.75 321 159.51 270.23 354.5 21.32 25.77 15.4 0.078 0.722
???? 188.89 283.33 425 241.23 395.45 519.01 86.16 89.72 25.03 0.298 0.29
???? 120.75 345 586.5 110.04 318.8 559.65 21.25 22.52 7.46 0.07 0.351
??? 55.2 165.6 276 51.21 142.79 179.96 40.95 57.04 39.71 0.186 0.97
??? 56.68 85.02 124 32.28 98.15 137.51 17.01 17.8 17.78 0.231 1.045
????
??? 249 454 571 339.47 469.55 484.95 64.02 72.64 72.34 0.183 1.13
? 6.3: ?????
?????? RMSE?? ?????? ?????? ????????
52.231 60.322 40.401 0.213 0.823
??????? 20??????? 50kcal???????????????. ?
????????? 20?????????.





?????????, ???????????????. ???? 12??????
?????????????????????. ????? \??", \????",
\???"? 3?????. ????????? 6.3, ? 6.4, ? 6.5???.
? 6.3: ????????????? 1(??:962kcal)
? 6.4: ????????????? 2(????:552kcal)
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?? 10????????????. ???? 6.6?FoodCam?????????
??.
? 6.6: FoodCam???????? ([1]????)
? 6 ? ?? 29
6.3.3 ??
?????? 12?? 2?????????????????????????
???????????????? 6.4, ? 6.5???. ???????? kcal?
??. ??????????????????????????????? B?
????.
? 6.4: ???????????????????? (FoodCam)
FoodCam
??? ???????? ????????? ????? ????
?? 962 908.75 -53.25 209.79
???? 552 310 -242 91.26
??? 14 68.83 54.83 36.28
? 6.5: ???????????????????? (??????)
??????
??? ???????? ????????? ????? ????
?? 962 720 -242 55.1
???? 552 504.92 -47.08 52.52























?????????, ?????????? 52.231kcal, ????? 0.213??
??????. ?? 0.213?????????????????????????








?. ???????????????, ?????????. ?????????
?????????? 7.1, ??????????????????? 7.2???.
? 7.1: ??????????????
1http://www.caa.go.jp/foods/index4.html
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?????????? FoodCam????????????????????











????????????? t???????????? 7.1?????. ???
?? 5????????. ?? t????????? 2.200??????. ???
t?????? 2.200???????????????????.
? 7.1: ????? t????
?? ???? ??? ????????
t? 3.012 -6.066 4.438 -4.214
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? A.4: ???????????
? A.1: ????????????????
???????? (cm2) ??????????? (kcal)
??? S M L S M L
??? 126.03 178.09 195.85 142 242 285
??? 66 98.7 129.89 44 73 100
??? 103.68 171.02 184.78 8 13 17
????? 289.8 501.01 597.04 399 614 748
??? 79.27 121.5 132.53 53 80 116
?? 184.82 221.54 228.73 669 929 1063
???? 85.07 116.09 132.9 116 174 275.5
?? 70.05 92.31 112.75 150.4 225.6 357.2
??? 52.11 89.47 131.83 166 332 498
???? 59.87 111.45 163.81 198 369 594
???? 25.82 75.11 116.93 77.7 259 414.4
???? 63.91 78.08 100.44 53.2 79.8 119.7
???? 58.32 69.84 108.8 141.6 212.4 336.3
?? 18.38 61.46 96.96 50 150 250
???? 82.52 114.87 153.81 235.5 353.25 471
???? 133.35 182.67 264.51 232.98 360 678
???? 31.29 80.76 146.47 124 372 744
??? 31.85 120.92 229.59 63.3 190 380
??? 76.44 81.88 98.84 74.4 94 141
??????? 87.47 136.95 204.4 207 310.5 414
? ? A ???????????? 42
? A.2: ????????????????
???????? (cm2) ??????????? (kcal)
??? S M L S M L
??? 129.28 119.69 306.14 221 340 459
??? 51.6 59.12 85.05 32.94 51.76 80
??? 79.18 97.62 74.23 6 10 14
????? 163.79 190.37 240.37 278 441.49 605
??? 53.78 73.16 110.14 30 54 81
?? 192.3 227.16 243.23 737 962 1322
???? 114.4 99.63 95.01 120 170 276
?? 68.79 87.01 91.76 195 292 476
??? 48.82 100.44 147.36 214 428 642
???? 65.07 108.52 146.72 184 368 552
???? 26.43 68.21 109.93 97.6 292.8 488
???? 40.5 64.04 92.66 36 72 108
???? 80.31 87.9 97.99 178.42 267.63 368
?? 25.94 80.91 157.72 82 246 494
???? 63.86 91.48 115.09 160.5 240.75 321
???? 137.15 193.71 227.72 188.89 283.33 425
???? 28.33 70.63 115.06 120.75 345 586.5
??? 22.27 90.09 114.9 55.2 165.6 276
??? 66.41 83.17 97.36 56.68 85.02 124
??????? 153.65 267.78 305.12 249 454 571
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? B.1: ??????????????????
??????? (kcal) ????
S M L ?? S M L ??
??? 73.443 213.564 20.943 102.65 0.332 0.628 0.046 0.335
??? 1.853 13.845 18.822 11.507 0.056 0.267 0.235 0.186
??? -6.384 0.96 0.405 2.583 -1.064 0.096 0.029 0.396
????? -44.177 106.793 242.159 131.043 -0.159 0.242 0.4 0.267
??? -4.394 6.917 1.366 4.226 -0.146 0.128 0.017 0.097
?? 71.471 -70.83 -95.537 79.279 0.097 -0.074 -0.072 0.081
???? -46.317 47.813 159.814 84.648 -0.386 0.281 0.579 0.415
?? 46.728 90.761 253.108 130.199 0.24 0.311 0.532 0.361
??? 63.495 50.841 89.33 67.889 0.297 0.119 0.139 0.185
???? -28.774 10.545 38.037 25.785 -0.156 0.029 0.069 0.085
???? -3.56 57.917 101.457 54.311 -0.036 0.198 0.208 0.147
???? -21.336 2.432 22.957 15.575 -0.593 0.034 0.213 0.28
???? -84.649 -24.188 48.444 52.427 -0.474 -0.09 0.132 0.232
?? 16.147 43.189 36.057 31.798 0.197 0.176 0.073 0.148
???? 0.992 -29.48 -33.497 21.323 0.006 -0.122 -0.104 0.078
???? -52.343 -112.125 -94.013 86.16 -0.277 -0.396 -0.221 0.298
???? 10.71 26.199 26.851 21.254 0.089 0.076 0.046 0.07
??? 3.991 22.812 96.035 40.946 0.072 0.138 0.348 0.186
??? 24.398 -13.127 -13.509 17.012 0.43 -0.154 -0.109 0.231
????
??? -90.466 -15.545 86.048 64.02 -0.363 -0.034 0.151 0.183
? ? B ????????????????????????????45
? B.2: ???????? (FoodCam)
FoodCam
?????????? (kcal) ??????? (kcal)
??? ?? ???? ??? ?? ???? ???
??????? 962 552 14 0 0 0
A 1272 434 26 310 -118 12
B 727 434 131 -235 -118 117
C 909 248 78 -53 -304 64
D 1090 310 104 128 -242 90
E 909 310 52 -53 -242 38
F 909 310 78 -53 -242 64
G 909 310 52 -53 -242 38
H 727 310 131 -235 -242 117
I 545 186 40 -417 -366 26
J 727 434 30 -235 -118 16
K 909 310 78 -53 -242 64
L 1272 124 26 310 -428 12
?? 908.75 310 68.83 177.91 242 54.83
???? 209.79 91.26 36.28
? ? B ????????????????????????????46
? B.3: ???????? (??????)
??????
?????????? (kcal) ??????? (kcal)
??? ?? ???? ??? ?? ???? ???
??????? 962 552 14 0 0 0
A 798.5 446.32 7.47 -163.5 -105.68 -6.53
B 718.16 514.43 8.84 -243.84 -37.57 -5.16
C 840.77 561.32 12.12 -121.23 9.32 -1.88
D 693 518.32 31.8 -269 -33.68 17.8
E 722.96 424.94 17.13 -239.04 -127.06 3.13
F 782.6 535.67 12.69 -179.4 -16.33 -1.31
G 665 625.37 30.31 -297 73.37 16.31
H 703.97 450.52 34.02 -258.03 -101.48 20.02
I 685.01 474.96 8.74 -276.99 -77.04 -5.26
J 700.81 520.54 12.83 -261.19 -31.46 -1.17
K 664 494.25 7.44 -298 -57.75 -6.56
L 665.13 492.5 42.88 -296.87 -59.5 28.88
?? 719.9925 504.93 18.86 242.01 60.85 9.50
???? 55.10 52.52 11.87
